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Since its inception, Goddard has pursued a commitment

to technology transfer and commercialization. For every

space technology developed, Goddard strives to identify

secondary applications. Goddard then provides the

technologies, as well as NASA expertise and facilities, to

U.S.companies, universities, and government agencies.

These efforts are based in Goddard's Technology

Commercialization Office.

This report presentsnew technologies,

commercialization successstories, and other Technology

Commercialization Office activities in 1999.
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TechnologyCommercializationat
IlflSfl'sGoddordSpaceFlightCenter

NASA's Goddard Space Flight Center's challengingand
technologically demanding Earth Science and Space Science missions

generate a wealth of advanced technology. Goddard's technology, expertise,

and facilities are a national asset that can be used to develop new products

and processes that benefit the United States. These benefits include increasing

the nation's competitiveness, creating jobs, improving the balance of trade,

and enriching the lives of the citizenr}:

Goddard's Technology Commercialization Office seeks out Goddard research

and development that has the potential of being successfully transferred to

meet industr), and national needs. Then, using its technical, legal, business,

and marketing expertise, the office works with researchers and industry to

transfer these technologies to the marketplace.
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Identifyinga Technology
Each year, scientists and engineers working at Goddard

develop dozens of advanced technologies that may

have the potential for successful transfer to a variety

of industries. The Technology Commercialization Office

encourages researchers to identify these technologies

for possible transfer through its inreach program,

which includes ongoing consultation with technical

researchers, employee development programs,

colloquia, and recognition programs. Once identified,

the technologies become part of an inventor),

maintained by the Technology Commercialization

Office. Pages 26-29 list the

inventory of technologies

reported by scientists and

engineers in 1999.

AssessingCommercialUiability
Once a new technology, is reported, the Technology

Commercialization Office undertakes a technical,

business, and legal assessment to determine its

commercial potential. This assessment involves

identifying possible applications and markets,

considering cost and pricing information,

and estimating market size and trends.

The technologies described in this

report received a full assessment

and were determined to

have commercial

viabilit):

6uildingCommercialInterest
Once a technology is determined to have commercial

potential, the Technology Commerdatization Office

undertakes a variety of outreach efforts to communicate

its availability and possible applications. These outreach

efforts include one-page descriptions highlighting

technologies available for commercial transfer. The office

also hosts and attends commercialization workshops

and trade conferences, where staff demonstrate available

technologies and build interest among industry and

entrepreneurs. (See page 32-33.)
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SmallBusinessOutreach
Extra efforts to involve smaller businesses include Goddard's

Small Business Incubator program. This program nurtures

start-up enterprises that are undertaking efforts to commercialize

NASA technologies. Under the incubator program, businesses receive a

variety of benefits, including low-cost office space, planning assistance,

and legal and financial advice. For more information on the incubator

program, call (:501)286-9655 or (301) 286-5810.

In 1999, Goddard's Technology Commercialization Office launched the Technology

into the Zone initiative. This initiative strives to revitalize economically distressed

communities--designated as empowerment zones (EZ)and enterprise communi-

ties (EC)--by providing EZ/EC businesses greater access to NASA's technology

commercialization network. Goddard offers specialized training on how to

capitalize on NASA technology, encourages development of existing and

future EZ/EC businesses, and facilitates partnerships between these
businesses and academia. For more information on the

Technology into the Zone initiative, call (501) 286-5901.
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Selectinga Partner
The Technology Commercialization Office has devised a series of steps to ensure a fair and

equitable process for selecting commercial partners for its technology. After receiving information

through Goddard's various outreach efforts, prospective partners prepare and submit proposed

commercialization plans. The Technology Commercialization Office reviews the submissions,

selects the best proposal(s), and negotiates patent or copyright licenses and/or Space Act

Agreements as appropriate. These agreements undergo legal review by general and

patent counsel prior to being finalized. More information on these agreements is

provided in the office's publication ISbrkicLqMth NASA's GoddardSpaceflighl

(
\

Center:The TechnologyCommerciaI_aion
Process.For more information on

how to be included in the

company selection process,

contact the Technolo_,,,
Commercialization Office.

Success

Through their partnerships with Goddard, U.S. companies

are improving existing products, developing new products

and markets, and sax4ng time and money with improved

processes. In turn, Goddard

benefits through royalties and *--___.___

partnerships. All of this aids the

U.S. economy through job creation ,-- ___.__

and helps to improve the nation's --------

quality of life.

/
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Goddard'sscientific

technicalstafforecontmuallg
• l

developingtechnologiestoachieve

spacemissiongoals.These

technologiesmayofferbenefits_

outsidetheaerospaceindustry.The

techno!ogiessummarizedhere

hauebeendeterminedtohau¢

commercialpotential,andsom_

alreadyhaueachieved

commercialSuccess._
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EIIUI ROllmEIITAL SYSTEMS
For more information on these technologies, call the

TechnologyCommercializationOffice'scontactforenvironmentalsystemsat (301) 286-1098.

High-Performance
EarthData
Exploration

Goddard has devised a new visualization sl,'stem.for

displaying Earth-relaled information.

Goddard's Digital Earth Workbench is an interactive system that allows users

to retrieve, vie,a; and compare large amounts of Earth-related information.

For scientists, it is a tool to identify the intricate correlations among the

various geological, biological, climatic, and civilization forces that affect the

Earth. For others, such as museums or the public, it is a tool for teaching

about and exploring the Earth.

The system offers an interactive computer program that allows users to

easily navigate the globe to view satellite imagery and topography of any

location on Earth. The user can add "layers" of image D, and control how these

layers blend together. Three-dimensional objects also can be imported and

displayed. Extremely large images are supported, and the system can retrieve

information stored at remote sites using standard protocols, such as http

and ftp.

The system supports a head-tracked stereo and six degree-of-freedom

interaction device (i.e.,virtual reality) as well as a traditional monitor and

mouse interface. The virtual reality interface is particularly easy to use, with

navigation of the digital Earth and imagery data readily accomplished with
intuitive hand movements.

The technology can be used in applications ranging from scientific

investigation to agricultural and city planning to vacation planning.

Companies interested in participating in the commercialization of this

technology are encouraged to contact Ooddard.
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Goddard has a varietalof lechnologies that ma_/ prove useful

to companies developin9 teleradiology systems.

Goddard is applying several developed and emerging technologies related to

digital image archiving and communications. Relevant technologies include

data compression algorithms, data communications hardware, and satellite

transceiver systems to handle terabytes of image data generated by the Earth

Observing System. Some of these technologies may offer the opportunity to

advance image communications architectures for digital medical images.

The technologies that may be of greatest interest to commercial developers

of teleradiology systems include the following:

High dala rate parallel digital receiver and demodulalor--This small,

low-cost receiver that can operate in a desktop computer is capable of

processing data faster than 600 megabits per second (Mbps).

_, RM subcode Vilerbi decoder--NASA and the National Science Foundation

are funding research to develop a Viterbi decoder that operates at 600 Mbps.

_, Reconfigurable dala palh processor--This technology offers real-time,

high-speed processing of algorithms and can be configured to perform any

specific image processing function.

Goddard researchers envision developing systems with data processing rates

of up to 2 gigabits per second at a lower cost than existing technologies.

As Goddard further develops these technologies for its own uses, commercial

partners are invited to assist in simultaneously developing the technologies

for commercial applications.

Teleradiolog9
Systems
Technologies
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Technologiesfor
Digitalfleriel
Obseruotion

This series of technologies has lhe polential to dramatically

advance the process of terrain mapping.

6oddard researchers are developing several technologies that improve the

acquisition and processing of digital images of the Earth's surface. Each of these

technologies may have commercial mapping applications. Companies are invited

to consider partnering with Goddard to transfer these innovations to the com-

mercial marketplace.

Digital flerial Camera Sgstem
Goddard researchers have designed a new digital aerial camera system. This

concept uses a line scan system to acquire images sequentially. Compared to

scanning film-based images or using a digital framing system, this technolo_,

requires less image storage space, flight time, and processing time. The camera

system also includes a precision position and altitude determination system.

Several advantages over film cameras exist, including greater dynamic and

spectral ranges, greater radiometric accuraQ,, direct production of digital

product, automatic rectification and geolocation of images, and on-the-fly

digital terrain mapping.
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multisensor Terrain mapping System

This digital terrain mapping system combines a photogrammetric system

for high spatial resolution and a laser ranging system for accurate absolute

range determination. The system was designed to produce stereo images with

embedded absolute ranging information. Combining forward- and aft-looking

digital line scan images produces elevation information without the tedious

processing required by other photogrammetric systems. The raw data

generated by this mapping system can be used to produce digital terrain

maps without extensive postprocessing of the data for georectification or

geolocation.

Hexapod System for Pointing flirborne
Instruments

This technology stabilizes and orients instruments aboard an aircraft or

other moving vehicle. A mounting platform built on a hexapod configuration

(i.e., a Stewart platform) is fitted with an inertial navigation system (INS) and

actuators. When the INS detects the vehicle's pitch, roll, and yaw, the actuators

counter the motion. By providing six degrees of freedom, the hexapod allows

the mounted instrument to maintain its spatial orientation or hold a line of

sight in an unsteady environment. The technolo_' currently can compensate

for 15 to 20 degrees of roll and pitch and up to 50 degrees of yaw. The

hexapod system can be manufactured at a relatively low cost.
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fi lletu J
Photon-Counting

microaitimeter

1 } e,pe, si,,c,mor rob,,,,,
[ _ . and moreenerq!,"efficienl

_ ,,lhan olher laseraltimeter

_._ sys,ems.

/ Ideal for topogrcounting altimeter aph ib21u?eappoings:i_lilsitPh_don-

600 km or lower orbits or on a conventional aircraft

platform operating at cruise altitudes between 25,000 and 40,000 feet. The

technology uses low-energy laser pulses at multikilohertz fire rates to obtain

high-resolution spatial data from the surface being examined.

Although conventional laser altimeters can detect nearly tO0 percent of laser

returns with low probability of error, this new microaltimeter can increase the

surface sampling rate by up to two orders of magnitude for the same average

laser power and with a much smaller telescope (10 cm vs. 100 cm). Further-

more, it can accurately identify where in the field of view the detected photon

originated, removing much of the ambiguity characterizing conventional

multiphoton surface returns and improving spatial resolution. In addition,

single pulse energies in the microaltimeter are typically two orders of

m%m_itude smaller than in current systems, making the instrument inherently

more eye-safe and less prone to internal optical damage.

This technology is ideal for mapping land, ice, sea, and forest settings on

Earth as well as surfaces of celestial bodies. Goddard has filed a provisional

patent application for this technology and seeks commercial partners to assist

in further developing the technology for commercial applications.
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This telescopehas

multiple.fields

of view,eliminal-

ing the needfor

primarT apertllrescanninj

and a rotating system.

6oddard has devised a holographic

scanning telescope for lidar applications

that is smaller, lighter, less complex, less =

expensive, and more reliable than existing

scanning telescopes. Current scanning holo- ....

graphic telescope designs consist of a single

holographic optical dement (HOE) transmitting and

receiving laser energ): When data from multiple angles

are required, the HOE must be rotated, requiring a

dedicated mechanical system. This rotating mechanical system adds weight, cost, and

complexity to the telescope.

Goddard's innovative shared aperture multiplexed telescope replaces the single

HOE with multiple HOEs in the same holographic film. The Iidar laser beam is

transmitted through an), one of these HOEs, and the backscattered signal is collected

by the same HOE when it returns. Offering multiple fields of view through a single

aperture eliminates the need for the rotating system. Combining multiple wide fields

of view with linear or two-dimensional array "pushbroom" detection techniques

enables lidar imaging applications.

This innovation can be used for most lidar applications, including space and satellite

applications, atmospheric wind measurements, vegetation canopy profiling, and

altimetr); A provisional patent application has been filed, and Goddard seeks industry

partners to further develop the technology for commercial applications.

fl flouelDesignfora
StationaryScanning

Holographic
Telescope
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GUIDI]I1C[, IIfiUIGflTIOI1, [II1D C
For more information on these technologies, call the

TechnologyCommercializationOffice'scontactforguidance,navigation,andcontrolat (301)286-2198.

missionIlnalysis
andDesignSoftware

Licensed

_ "J I_

! i

A software tool developed to plan missions to the moon and Earth

Lagrange points has recently been licensed by Princeton Satellite

Systems.
I,

In 1999, Goddard issued a nonexclusive license for its successful mission

analysis and design software--Swingby--to Princeton Satellite Systems.

Originally developed in the early 1990s, Swingby provided a much-needed PC

version of the traditional mainframe tool for calculating trajectory and orbits

for spacecraft. In addition, a graphics interface allows users to see the results of

the programmed trajectory as it evolves.

With assistance from Computer Sciences Corporation, Goddard researchers

transferred the original mainframe code and new targeting algorithms to a

PC-based tool and integrated the graphics function. Swingby soon became the

leading high-fidelity trajectory and mission design tool. Its easily adaptable
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OnTROL

format enables the inclusion of the latest cutting-edge models. Swingby has

supported numerous NASA missions, including the Solar and Heliospheric

Observatory (SOHO), the Deep Space Probe Science Experiment, and the Lunar

Prospector Mission. The software earned recognition from NASA for its

performance in the 1995 Clementine mission to the moon.

Princeton Satellite Systems will incorporate Swingby into its own commercial

Matlab toolboxes. By adding Swingb);s targeting and orbit capabilities to

Princeton's attitude control and mission planning software, the company can

offer a more comprehensive software package. Goddard also is adding

capabilities to the original Swingby software for use by universities. For more

information about this software, please contact Goddard.
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I I1FORIllflT1011SYSTEMS
; f- For more information on these technologies, call the

TechnologyCommerciilizationOffice'scontactfor informationsystemsat(301l 286-0561,

Spolli_lhlin_ Success

FightingCrimewith__,,,_--.-__
IlflSflRemoteSensing_%_i/i_ _

Dataflnalgsis
Technology

=

_ _AjeC/l_a_!og_.deveIoped to map the surface of near-Earth asteroids

is bdiig,._ed3o/ltiaIyze gunpowder residue at crime scetfes. _

Sp_SD--_-_dte_N;developed cooperatively with Cornel]

U_ersib _,Hampton University, and the University of,_rizona--is a geograph-

ical inf6rmation; vis,._afidn, and analysis t001 for remotely sensed spectral

databases. Specifically developed to analyze data collected by the Near
-Eart}_Asteroid Rend-e-_,b\3_-_ENR) satellite, the software renders

graphical, interacth/ely _erive-d scenes of these data. Researchers also

have he.working With-t_-Natior_al Institute of Justice to determine

how this techn01oN, can be used to analyze crime scenes remotely.

As originally envisioned, Spec3D will help map the surface of 455 Eros,

one of the largest and best observed near-Earth asteroids. A spectrom-

eterabo,3rd the N'EAR satellite will remotely sense X-ray and gamma-

rayemissions from the asteroidl SpecSD will analyze these data and

create visual images representing Eros's surface composition of

magnesium, oxygen, hydrogen, uranium, and other elements.

Goddard researchers, forensic scientists, and law enforcemen t specialists

also are using the NEAR instruments and the Spec3D Visualization and

analysis so_,,;,are to Study crime scenes remotely_ With further develop-

ment, the SpecSD technolo_, also might be transferable to other

5_0mmercial applicatio_that use data from visible wavelengths, gas
chromatography, or mass spectroscopy. Companies interested in

participating in this development are encouraged to contact Goddard.
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GoddordLicenses
Technologyfor
Largeflat-Panel
Displays

TelSpanServices, Inc., has Iicellsed Goddard's segmented cold

cathode technology for tar.a.je,multicolor displa$_s.

In 1999, Goddard issued a license for an innovative technology that uses

segmented cold cathodes to greatly improve multicolor flat-panel display

capabilities. The technology consists of segmented photocathodes set

orthogonal to an array of control grids. The display panel's resolution is

defined by the number of control grids (horizontal resolution) and the

number of segmented photocathodes (vertical resolution). The control grids

and photocathodes are housed between an input window and an equipoten-

tial mesh grid. Displays made using this technology may be less than 10 cm

deep and have 1 mm 2 pixels. This is sufficient resolution for large-screen

home entertainment systems, public message boards, network control room

displays, flight simulations, video games, and other large displays. The

technology also creates a video image that is brighter than active matrix

liquid crystal and comparable to cathode ray tube displays.

The technology has been licensed to TelSpanServices, Inc., an information

management systems company based in Maryland. TelSpanServices designs,

develops, and manufactures outdoor public audio/video display systems.

Projected Reality Corporation, a start-up technology company established to

focus totally on the commercialization of the NASA technolog},; will work

closely with TelSpanServices in this endeavor, beginning with the

development of a prototype display.
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llew Filter
fllgorithmsEnhance

ElectronicImages
OriginalJPEG WithGoddard'sfiltering algorithm

The quality of compressedJPEGimaqes is siqnificantly improved

b_,;Goddard'snewfillering algorithms.

Goddard researchers have developed two new algorithms that provide

frequency-based, pixel adaptive filtering for low bit rate (_<0.25bits per pixeI)

compressed images. The estimated spectrum adaptive postfilter and the

iterative pre-post filter algorithms were designed to minimize "blocking"

distortion. This distortion occurs when images are highly compressed with

the Joint Photographic Expert Group (JPEG) standard.

Goddard's fltering algorithms significantly reduce blocking distortion by

reusing the discrete cosine transform coefficients. The adaptive postfilter uses

these coefficients to directly estimate the two-dimensional (2D), pixel-adaptive

bandwidths. The iterative pre-post filter uses inverse pair 2D filters for high-

frequency preemphasis before encoding and deemphasis after decoding.

These algorithms minimize the mean square error, improving the objective,

subjective, and visual quali W of the image.

This technolo_, has been successfully proven with JPEG images, and it may

be applicable to low bit rate lnternet video or MPEG compressed video

sequences. A provisional patent application has been filed, and companies

are invited to explore licensing options for this Goddard technology:
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OPTICS
For more information on these technologies, call the
TechnologyCommercializationOffice'scontactforopticsat 1301)286-2642.

fin Innouatiue
ProcessforPolishing
flluminummirrors

Mirrorsfabricated using this processare liqhter,lessexpensive,

and more robusl than nickel-plated ahlminum mirrors.

Researchers at Goddard have developed a revolutionary process for precision

optical polishing of bare aluminum to an unprecedented smoothness.

Goddard's process begins by using a single-point diamond turning machine;

grinding cannot be used on bare aluminum because it leaves behind particles

that scratch the surface during polishing. After the aluminum is diamond

turned to a :50- to 80-angstrom finish, a special compound is used to polish

the mirror to a roughness of 5 angstroms rms with a surface figure accuracy

of 0.125 of wave peak to valley.

The major benefit of this innovative process is the ability to make pure

aluminum mirrors, which are less expensive and lighter than optics made

- from other pure materials. Although nickel plating aluminum optics is another

lightweight option, the technique has several drawbacks. Plating faults can

ruin the optic, and the process can be expensive. Also, the bimetal thermal

characteristics of nickel over aluminum are poor, which is problematic for

applications with dramatic temperature swings.

By enabling the fabrication of high-quality aluminum mirrors, Goddard's

process can dramatically reduce component fabrication cost while improving

the performance of the optical system Manufacturers of optics, metal optics,

and diamond turning and polishing equipment as well as other interested

companies are invited to license Goddard's process for incorporation into

their products.
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flewDeuelopments
withtheCircle-to-

PointConverter

-Itli5 l_olographic oplicaI clciTlcpllret)resettls_ /;olcilli_li

t ttaklhrou_h in redllciylgthe cosl, size, illld COml_Iexil_.,off

Doppler lidar s .'_,tems

Goddard's newly advanced holographic optical element resolves the circular

fringe patterns generated by Fabry-Perot interferometers into focused points.

Each point represents a wavelength component of the fringe light and may

be focused into a single plane or even into a single line, allowing for the use

of certain linear detectors. This invention is particularly useful for Doppler

lidar systems and possibly for commercial multispectral measurement

systems, multifield-of-view telescopes, optical radar, particle counting, and

contamination monitoring.

When used in conjunction with solid-state optical detectors, the circle-to-point

converter overcomes the limitations of circular photomultiplier-type detectors.

Goddard's technology does not require high voltages or a cooling system and

is easily manufactured using standard holographic techniques. Reducing the

cost, complexity; and size of Doppler lidar systems can create opportunities

for a varlet), of commercial applications.

The inventors of this technology also are investigating a concept that uses

the converter in reverse to combine, rather than divide, incident light. This

concept could work for inputs of equal or different wavelengths. This would

allow an efficient means for combining several input light beams into one

common beam. This capability has potential application in telecommunica-

tions and end pumping of laser rods.

Goddard invites companies interested in developing commercial systems

that use this device to apply for a license.
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These folzr new technologies can improve the qm_Iitt;'and

dependability of fiber optic assemblies used in applications

where high reliabilily is essential.

Goddard seek_quafffi-ed _nei:s to bring these technologies to the

commercial marketplace_

Fixture for Chemica_!St?ippingof Optical fibers
This device is used in th_echemical stripping of coatings from optical fibers so

that they may be assembled with other component elements. The fixture fits

over the end of a cable or fiber and exposes the coated portion to be stripped,

which is then pl_ed in a chemical bath. This fixture and stripping process are

particularly useful for removing hard, thin, polyimide coatings that cannot be

removed mechanically or thermally

fixture" for Reduced Bubbles in fldhesioes

This devicehelps to remove the bubbles that can appear in the termination
adhesive during injection processes. The fixture holds and seals a termination

filled with a__hesive, which is then placed in a centrifuge. Spinning the filled

termination a-_d fixture in the centrifuge for 2 or 3 minutes drives bubbles out

of the adhesive, making the termination ready for installation on the optical

fiber.

Fixture for fldhesive Curing in Open-CeUOvens
This device holds a termination and optical fiber firmly in place during elevat-

ed temperature epoxy bonding in an open-cell oven. The fixture centers and

controls the depth of the fiber optic assembly within the oven's cell cavity The

fixture also can be used to hold thermocouples, allowing them to provide

more accurate cell temperature readings. _

fixture for Optical fiber ConnectorPolishing
When retrofitted on a connector polishing machine, this _devi_:controls- and

allows adjustment of the connector's apex offset--that is) the__ifference

between the apex of the spherical polish and the center-of the fiber core. The

ability of this device to control apex offset to less than]_f__n fmproves fiber-

to-fiber contact, reduces insertion loss, and reduces r¢fle_aBce over the oper-

ating environment. ----7-÷-

IlewTechnologies
forflssembling
fiber Optics
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SEI1SORSArid DETECTORS
For more information on these technologies, call the

TechnologyCommercializationOffice'scontactfor sensorsanddetectorsat (301l 286-5979.

ClearerImageswith
a newCCD

Useful in a variety of applications, Goddard's innovalive charge

collpled device (CCD) syslem redllces cooling requirements and

improves imaging.

6oddard has developed an improved charge coupled device detector that

is ideal for extremely low background observations. Applications include

spectrographic imaging, medical imaging, industrial material inspection,

fluorescence observations, and amateur astronomy.

6oddaM's innovative device yields clearer images than provided by standard

CCDs by reducing any scattering that results from light that passes through

the CCD. It also reduces potential absorption of thermal infrared radiation,

thus reducing the cooling system requirements for the detector.

The financial cost incurred to achieve these significant imaging improvements

is minimal. Prototypes have been constructed, and NASA is including this

technolog)_ on the Hubble Space Telescope's next mission. Goddard has

applied for a patent and invites companies to consider licensing this

technolo_ _.
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God(lard's inte,grated circ_titcomponerztsfor real-time data

processhLqin reHtrn-link data systems can receiveand process

,150 meS_its per second (MbFs).

Goddard's high-speed parallel integrated flame synchronizer and service

processor chips can be used in ground station systems that receive and

process data from airborne or in-space sources. These chips, with processing

speeds of 450 Mbps, offer a significant advantage over current chips, which

can process less than I00 Mbps.

The flame synchronizer receives incoming bit streams of telemetry or weather

satellite data and assigns them to framed data structures. The synchronizer

requires less than 10 watts of power and uses 0.6 Dm complementary metal

oxide semiconductor technology. Then the service processor extracts data

packets and other service data units from the telemetry frames. The chip is

highly configurable, allowing the user to selectively "accept or discard" data

from any given data source (e.g., a specific instrument on a spacecraft).

Goddard's service processor offers several advantages over current chips.

Goddard's chip allows the user to configure the frame and packet quality

checking process and to select quality annotations for the extracted service

data units. The chip's hardware-based processing eliminates the need for

service processor software.

A patent application has been filed for these chip technologies. Companies

interested in licensing this technology should contact Goddard to explore the

various partnering options.

newChipsto Handle
HighData-Transfer
Rates

lgg9 Technolog9Transfer Report, nnse's Goddard Space flight Center



THERmflLfII1DCRYOG[IIlCS
For more information on these technologies, call the

TechnologyCommercializationOffice'scontactforthermalandcryogenicsat(301! 286-5169.

fl Large-flreo
BlachbodyTarget

forSensor
Calibration

Using heat pipe lechnologl,',this lechnolo9t;enables

calibration offlarqesensor arra,/s.

Goddard has entered into a Space Act Agreement with Electro Optical

Industries, Inc., of Santa Barbara, California, to further develop a large-area,

highly isothermal blackbody target for calibrating radiometric (e.g., infrared)

sensors. Typical calibration targets maintain their temperature by circulating

a fluid through the hollow structure. Although these systems function well,

they must be kept to a small size to remain portable.

Goddard's large-area target achieves exceptional temperature uniformity

by using a heat pipe-based system. A porous wick wetted by a two-phase

working fluid is sealed behind the target surface. Heat is absorbed by

vaporizing the fluid, creating a pressure gradient inside the target. This

pressure gradient forces the vapor to a cooler section where it condenses

and gives up its latent heat. The condensed working fluid is then redistributed

by capillary forces in the wick. A 15-inch diameter proof-of-concept target

demonstrated a less than 0.I K temperature gradient from 270 to 515 K.

Under the Space Act Agreement, Electro Optical is developing a working

terrestrial-based prototype of this technology with technical assistance from

Goddard researchers. For more information on this technology, please contact

Goddard.
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This technolog!/ alIovvs llnmanned replet_ishmerltc_ cffogens while

using less helimn than current a_llomated s?'stems.

Automated transport of cryogens such as liquid helium save man hours and

enhance safety. However, most automated systems have imperfect transfers.

Many systems allow gaseous helium to enter the cryostat, consuming

additional cryogen. Goddard has developed a new automated transport

system that addresses this drawback.

The innovative device consists of an arrangement of a transfer tube and an

arrangement of vaIves that connect the helium storage dewar to the cryostat.

Control electronics determine the helium level in the cryostat and activate the

transfer of liquid helium. While the helium is en route, temperature sensors

determine whether it is in liquid phase or a gaseous state. If the helium is

liquid, control valves direct it to the cryostat. If the helium is gas, because of

exposure to warm transfer lines for example, the valves direct it to a collection

tank.

This system is the only autonomous helium transport system that vents

gaseous helium, which prevents the cryostat from consuming extra cryogen.

A provisional patent application has been filed for this technology. Companies

interested in licensing this technolog T for laboratory use are invited to contact

Goddard.

flutomotedLiquid
HeliumTronsport
System
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FI flew
fldiabatic

Demagnetization
Refrigerator

(FiDR)

This lechnology_._ferscontinuous cooling, a siqnificant

improvementoverother ,4DRs.

Goddard researchers have devised a new multistage magnetic refrigerator that

can provide continuous cooling at cryogenic temperatures. Designed to cool

high-resolution detectors, this technolo_ uses multiple adiabatic demagneti-

zation stages to achieve true continuous cooling with high thermodynamic

efficiency. The current design uses three stages to cool from 10 K to 50 inK.

Operation of ADR refrigerators relies on the magnetocaloric effect, whereby

certain materials become warmer when they are exposed to an increasing

magnetic field and cool off under a decreasing magnetic field. A typical ADR

magnetizes a magnetocaloric material, dumps the excess heat, then

demagnetizes it in a controlled manner, refrigerating the material.

The innovation with 6oddard's new ADR is the serial configuration of the

stages, which allows heat to be periodically cascaded up from the continuous

stage to a warm heat sink. At any one time, two stages provide cooling while

the third stage is recharging, l]ax4ng this third stage allows for a continuously

cooling ADR that can accommodate large detector arrays and has a smaller

mass than traditional ADRs of similar cooling power.

Researchers have built a proof of concept model, and several system

components have been fabricated and tested. Companies interested in partici-

pating in additional development efforts are invited to contact 6oddard.
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- Technology
• Commercialization

_._ ..... _ Officeflctiuities

7_ Goddard'sTechnology

-_ ..... lizationOmm_ Commercia ceundertakes

......._ _ _auartetgolactiuitiesto promote

_ technologytransferwithinGoddard

andamongcommercialindustries.

Theseincludeidentifyingnew

technologies,attendingconferences

andsgmposia,andrecognizingthe
Contributionsof6oddard'sscientific

andtechnicalstafftothetechnology

commercializationprocess.

Thissectionoutlinesthe_

office'sacfiufliesin1999.
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TECHNOLOGIES REPOR
NASA's Goddard Space FIighl Centerhas amassed a weallh of advanced technologies wilh

the potential to be transferred Io a variely of institutional and commercial industries. In addition to

the technolo,qies hijhlijhled in this report, these pqes list all of file transferable

technolo_tiesreported to Goddard's Tech¢loloqy Commercialization Of.ricein 1999.

Also included are laboratory.facilities al,ailal)le.for use by priw_le companies.

EnuironmentolSqstems
Contact: (301) 286-1098

t:acilities include l_'rreslrial Ph)'sics, /llmospheric _ ' "cltn_es, and Hydrospheric Processes

Laboratories

Autonomous Day/Night Full Sky Cloud Sensor

Curved Crystal X-ray Imaging Spectrometer

Gasline Repair and Inspection System for Live Entry Environments (GRISLEE)

Global View from Space--An Automated Data Engine Software System for the Retrieval, Processing, and Derived Product
Generation of MultidisciplinaD" Earth Data

New Method for Atmospheric Compensation

Vision-Based Motion Sensing and Control for Automated Mining Machines

Guidance,llauigation,andControl
Contact: (301) 286-2198

Facilities include a Global PositioMn_ Syslems Laboralor),,.

Aerodynamic Trim Actuators For Solar Array Panels

Aerodynamic Trim Panels for Spacecraft

Autonomous Satellite Navigation System

Autonomous Unified Onboard Orbit and Attitude Control System for Satellites

Confused-in-Space Stellar Attitude Acquisition Using Multiple Star Trackers

Low-Cost, Autonomous Navigation for Low Earth Satellites

Onboard Star Selection for Stellar Inertial Attitude Determination Performance Enhancement

Plasma Charge Balancing System for Spacecraft Floating Potential Control

Precision Nano-Satellite Propulsion

Reduction of Spacecraft Instrument Induced Jitter via Multi-Frequency Cancellation

Solar Wind TRIM Acti_,ities for Solar Array Panels

1999TechnologyTransferReport,flfS6'sGoddardSpaceFlightCenter



Informotion Sustems
Contact: (301) 286-0561

Facilities include the Fiber Oplic Interconnect Laboratorl', Eleclromagnelic Test

Facility, Large Area Pulsed Solar Simulalor Faciliti.;,amt Battery Tesl Facilil?'.

M-Based Planning and Scheduling for Near-Real-Time Satellite Data Processing

Archer File Storage Management System

Computer-Assisted Data Analysis System

Coordinated Data Analysis Workshop Web

Cost Savings of Telemetry Processing System

Cross Correlator for Actel FPGAs

Data Visualization Environment Tool (DVET)Software Application

Direct Readout Terra/MODIS Level 0 Processing Software

Dynamic Powering of Memory Banks Based on Compiler-Introduced Directives and/or Fuzzy Coprocessor

Dynamical Interpretation of the Broad-Scale: Zodiacal Cloud Observer

Empirical Mode Decomposition Apparatus, Method, and Article of Manufacture for Analyzing Biological Signals
and Performing Curve Fitting

Extension of the Empirical Mode Decomposition Method to a Time Series of Two-Dimensional Grid Maps

Hierarchical Segmentation and its Recursive Implementation on MIMD Parallel Computers

Instrument Remote Control via the Astronomical Instrument Markup Language

lnternet Information

Landsat 7 Enhanced Thematic Mapper-Plus (ETM+) Data Processing Software

Level 1B Converter

NASA Industrial Properly Management Information System (NIPMIS)

New Technology, Ground Support Equipment

Nonlinear Mapping Function for Computer File Encryption

Photo Interpretation Tool

Responsive Applications Tool

Space Network WWW Scheduling Interface

Standard CCI'I-f Cyclic Redundant 3' Code

Synchronous Product Generator Prototype

Three-Dimensional Surface Matching Engine

Web-based Directives/Document Management System

WinDAP Shock and Vibration Data Analysis Software
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Contact:(301)286-2642

Facilitiesinclude the Diffraction Grating Evaluation Facilitt_Sl_r_aceMelrology

Laborator_,_Optical Coating Facility, Vacuum UV Optical Measuring FaciIitr_Laser and

Electro-OpticLaboralor_ and Cryo_jeMcOptical TestFacility.

Dual-Frequency Direct-Detection Wind Lidar Receiver Technique

Etalon Recirculating Multiplexer/Multichanne]-Spectrometer

Holographic Optical Element for Power Coupling and Wavelength Multiplexing

Improved Method of Producing Continuous Optical Modulation with Discrete Level or Other Noncontinuous

Light Modulating Arrays

Integrated Optic Grating Filter Designs Using Apeiodic Positioning of Reflective Stripes

Liquid Crystal Volumetric Three-Dimensional Display

Low-Cost Fabrication of Lightweight Optics, Mirrors, and Benches

New Computer Architecture Using "Free Space Input-Output" via Active Light Source and a Passive Modulating
Optical Retroreflector Technology

Novel and Efficient Calibration Lamps

Passively Q-Switched Microchip Laser Development

Pigtail Star Coupler

Reflective and Conductive Metal Oxides

Solid State Electro-Optic Tunable Fabry-Perot Filters

Staggered Lead Star Coupler

Tunable, Single-Frequency, Fiber Fabry-Perot Surface Emitting Lasers

Sensorsend Detectors
Contact: (301) 286-5979

Facilities inclt_de /he Detector Development Laboratory.

AIN Insulating Layer for MISFET Devices with Enhanced DC Performance

High Density MCM-D Substrates with Integrated Capacitors

ltigh-Precision Object Localization System for Autonomous Fork Vehicles

Low-Noise, Low Temperature Coefficient Resistor Array

Two-Dimensional Microshutter Arrays

Ultrahigh Dynamic Range, High Speed A/D Converter for Laser Ranging
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Thermal and Cryogenics
Contact: (301) 286-5169

Facilitiesinclude lhe CryogenicsLaboratory,Thermal Engineerin_

Coaling Facilily,CryocoolerTesl Bed,and CryoqenicResearchand Integraliorl

FacilitlJ.

Deflection and Stresses in Circular Membranes Due to Transverse and In-Plane Loading Conditions

Engineering Properties of Al-Li X2096-TSA3 Alloy

High Ileal Flux Loop Heat Pipe Evaporator with Bidisperse Structures

Innovative Thermal Design Concept for Plasma Spectrometer in Solar Probe Near-Sun Flyby Mission

Low-Power, Lightweight, Solid State Thermal Control Technolo_,

Magnetostrictive Magnetically Controlled Locking Motor

MEMS Devices for Spacecraft Thermal Control Applications

Miniature Hybrid Microcircuit Proportional Temperature Controller

Modified Wine-Rack Design for Thermal Management of Nickel-Hydrogen Batteries on Spacecraft

Multilayer Braze Foils for )oining Silicon Carbide to lncone] 600

Nested Planetary Transmission

Net Shape Woven Wheel

Nondestructive Evaluation of Cadmium Zinc Telluride

Permanent Magnet Device for Levitation of Diamagnetic Materials

Pipe Repair Method Utilizing a Corrugated Shape Memory Metal Sleeve

Practical Thermal Design Concept for Next Generation Space Telescope Sunshields

Preventing Molecular and Particulate Infiltration in a Confined Volume

Rails for Shuttle Side-Mounted Payloads

Spacecraft Solar Wind Trim Panels for Pointing and Disturbance Torque Abatement

Stageable, Actuable, Anti-Clogging I-T Cryostat

Voice Coil Damping System for tligh-Speed Rotating Shafts

Other Technologies
Contact: (301) 286-6705

Center-Cutting End Mill Modified by Grinding for
Plunge-Cutting into Titanium and its Alloys

Double Parallelogram Carriage

Genetic Material (Gene) Involved in Osteoporosis/Bone Adaption

Modification of Twist Drills to Cut Titanium and Titanium Alloys

Modified Reamers to be Used to Ream Titanium and its Alloys

Tap Modified by Grinding for Thread-Cutting in Titanium and its Alloys
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flWflRD PROGRflms

The TechnologyCommercializationOf.ficestrives to gain recognition,forthe

valuable participation of Goddardemployeesin technotogt;transferand commerciali,_ation.

The office thereforenominales technologiesand their inventors.fora number o.fawards.

Theseawards arepresentedby NASA, Goddard,and other organizations.

Government Technology Leadership flwards

Sponsored by GovernmentExeculivemagazine, the prestigious Government Technology Leadership Awards

recogfiize projects that have boosted efficient 7 and effectiveness, lowered costs, and/or improved sen4ce to

the public by finding innovative uses for technolog): Two Goddard technologies were _se!e_:ted O:s_._n__ners : :.. 5:: __:::: _--_--

................. for 1999, and a third technology was a finalist ............ :_-:- ...........................

!i

Winner:#irborne LidarTopographicmapping System (ill TillS]

Certified by the Federal Aviation Administration, ALTMSprovides rapid,

efficient, and accurate three-dimensional virtual digital mapping of more

of the land's surface than ever seen before. Operating at altitudes up to

20,0o0 feet, the system uses a pulsed laser to acquire data with an absolute

vertical accuracy of approximately ! foot: Un)ik_ traditional methocls _ALTMS .........

can map an area under various lighting, vegetation, and weather conditions in _:

days instead of months and at one-tenth the cost.

Ulinner.tliibert-tluangTransform

Traditional energy-frequency analyses are based on the Fourier transforma-

tion, which provides accurate results only for linear and stationary signals.

Hilbert-ttuang transform algorithms were designed for the analysis of non-

linear, nonstationary data. It can be executed on any PC or workstation and

..................................providesmoreprecise-_naiySis of signai_-t_nT_th currenfly_used methodsl ! ............ _ ......................

Applications for this innovation are numerous. It allows scientists to accurately

........................................ process and study-(tatci oi_everi.,thing from ocean waxes- to-e_thquakes and ............................................. ......

from the structural soundness of the nation's bridges to heart arrhythmia.

finalist:RegionalflpplirationsCenterProgram

.... Designed to foster the use of environmental and Earth resource data from

sateIlites and other sources, the Regional Applications Center program allows

participating institutions to directly receive, manipulate, and customize

localized satellite data effectivel); inexpensiveb; and on a routine basis to

meet regional needs.
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:__j_:_ _i__ii_i_ _ -_-_-_

Xerley fltuard _
Named after the late James Kerle); a Goddard }cientist who :

championed technology transfer and commercialization, the _

Kerley Award is presented annually to recogniie a Goddard

researcher's commitment to new technology reporting a_d:the

technology transfer process. The 1999 award _vas pres_effted to
John Kolasinski, who has worked closely _th the Technology

Commercialization Office t6 transfer seyera! oj _S new fiber

optic technologies. Some of his technologies are described

on page 19. _ _ .

llflSfl's Gouernment
Inuention of the Year

_7 ' -- _i_=presflglou_ awai:d _wup_czsefit_d tO ........... ;

i:. CoddardresearcherChar_eiCiagettforh_s.......
reacti0n/m0mentum wheel. Developed for the ....

Small Explorer program, the invention is a

compact, high-torque, low-vibration device to

stabilize and point satellites and other space

vehicles. Currently, the invention is successfully

flying aboard three NASA satellites. The wheel

also has been licensed to Ithaco Space Systems

and Orbital Sciences, Inc., which sells its version

of the invention commercially.
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i IlllOUflTOR RECOGIIlTIOg

Tc(5]lllolo_t;Irans/er wotzld not be possible without izznovalors. The scientific and technical

staf.f at C,oddaM must ident(f,_;document, and reporl lheir new lechnolocjiesto the Technolog_

Commercializ_ation Office. In addition, many of lhese innovators are deepI_ involved throughout

the lran:,fcrand commercialization process. Goddard extends its appreciation to the innovators

who parlicipaled in lhese activities in 1999.

Jamesflbshlre SteuenDavis DonaldJennlngs 6rungmunoz UibortScoff
Dennisflndrucyh JohnDegnan nndrewJohnson Edwardmutschler HamJShaw
YuualHnuiel StanleyDermott markJohnson Davidfleedelman markSherman
Graemenston JuliaDeutschmann RichardKatz Davidnelms PeterShirron
marthaflston WilliamDeuereux nlonzoHelly Eidarfloe nicholasShort
Tinfine michaelDIPirro Williamll.eUy marknorth flnthonyStentz
Youn6ae DavidDryer RobertHerr Johnnolo markStephen
JohnBane DeniseDuignan DmitrgHhrustaleu markonls EdwinStevens
JohnDames HowardDunn DanielRnowlton ScoffOlson ]_iaoliSun
Itzhach6ar-ltzhack DareUEugelhaupt JohnHodls JamesOsborn TheodoreSwanson
Richard6amj Williamfarrell ILHohuth melanleOtt Jack_age
ThomasBurton Rainerfettlg JohnHolasinsld BradfordParker michaelTo
Craignearer EugeneFihe michaelnzainah ShabbirParuez JosephTater
Jessie6hangoo Yurgflom nlexanderRutyreu LesliePagne RalphThompson
Geoffreynland SamuelFloyd nmyLanhsy JorgeoPedersen JamesTilton
Scott6aehmhe Chrisfromme RenatoLevy ThomasPerricone DanTredell
Johngallon got'bertfruehauf RongshengLi LawrencePiper DavidUetrecht
Karim6outros PatdchGary IrvingUnares RichardRalllson JohnDanSant
matthewBuchho michaelGhee LloydLinstrom JohnRalph michaeluiens
6artonBull ParminderGhuman HetaoUu 6rlanRamsey JohnUranlsh
madellneButler C.Giese YongLlu ferenceRashi DavidWalser
SteuenCaglano Per61aersen fijianLunsford JoanRedwing LlqlnWang
6njanCampbell fliesGo_gadlnou JamesLyons KennethReed PaulWestmeyer
CharlesCampbell ThlerrgGunlerm Stephenmaher ChristoperRice JimWhite
WilliamCampbell michaelHadjlargyrou Anthonymaitama merrilltodd JohnWilUams
ElizabethChandler J.Halley Petermardilovlch Jacobgosenberg margaretWilliams
BrianChemel markHannlng-Lee marzouhmarzouk JohnRosenfeld DanielWorth
EdChang RichardHarman Elalnamccartney Dmitrigoutheuich michaelWright
michaelChoi LeonardHaynes TimothymcClanahan ClintonRubln Yeong-WeiWu
RobertCohn Timfleggadorn JanmcGa_ gobahSaif ZachWu
flleKanderColeman martialHerbert matthewmcGill minaSamll GeorgeXing
DavidContent DaueHerdle RobertmcQulre DavidSarraf TapeshYadau
DonaldCornwall HermanHerman Timothymcgochnle 6ajendraSauant JohnZanlewshi
PatrichCoronado fllfonsoHermida Robertmenrad freddchSchamann mingjunZhao
michaelCraghead franhHlgglns Irlnamihheega HagenSchempf JlzuZhi
JohnCranston ErnestHIIsenrath Calvinmiller JacobSchmidt YuZhong
RobertCramp ZuiHoroultz Richmoore WilliamSchneller 6orbaraZukowshi
WilliamCrowle9 II.eulnitsu Samuelmosele9 6earnSchwemmer
GeorgeDaelemans HardenHuang Richardmullinix JohnScialdone
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To best respond to i11quiries,the Technolog_,Commercializ_alio_l

Of/ice has divided Goddard's assets into six core competencies.

Residers inlerested in obtaining in.form_tion on Goddard

technologies, part_lership opportunities, or the availabilit F o.f

.f_lciIitiesare enco_zraqedto collt_lctthe relevanl areal o.fitlteresl.

_nuironmental Systems

Phone: (301) 286-]098

E-mail: environment@tco.gsf¢.nasa.gov

6uidance,Ilauigation,and Control
Phone: (301) 286-2198

E-mail: navigation@tco.gsf¢.nasa.gov

InformationSystems

Phone: (301) 286-0561

E-mail: information@tco.gsfc.nasa.gov

Optics
Phone: (301) 286-2642

E-mail: optics@tco.gsfc.nasa.gov

SensorsandDetectors

Phone: (301) 286-5979

E-mail: sensors@tco.gsfc.nasa.gov

Thermaland Cryogenics

Phone: (301) 286-5169

E-mail: thermal@tco.gsfc.nasa.gov

6eneralInquiries
Phone: (301) 286-6705

E-mail: general@tco.gsfc.nasa.gov

m
m

Internet flddresses

6oddardTechnologyCommercializationOffice

http://techtransfer.gsfc.nasa.gov

6oddardSpace/:lightCenter

http://www.gsfc.nasa.gov

ilflSfl CommercialTechnologyIletwork

http://nctn.hq.nasa.gov
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IlID[X OI: FEflTURED TECHflOLOGIES

it tttttlltlttllll'lllZll' II III

Adhesivecuringinopen.cellovens Optics............................. ., ._ ,i ._1]I

Adiabaticdemagnetizationrefrigerator ThermalandCryogenics........................ 24

Blackbodytargetforsensorcalibration

Chargecoupleddevice

ThermalandCryngeo0cs .2|_

SensorsandDetectors......................... 20

Chemicalstrippingof opticalf0bers Optics...,_ , ........ , ...... . .... _...... ,.._

Circle-to-paintconverter Optics.................................... 18

t

I Oigita!aerialcamerasystem

OigitslEarthworkbench

EnvironmentalSystems......................... g

EnvironmentalSystems......................... 6

_Flat.panel displays InformationSystems................. r" T' T" .1|

Fourierreplacementalgorithm InfnrmatinnSystems.......................... 16

Geographicalinformation,visualization,andanalysistools(Spec3O) InformationSyutems_i _- _..._.. _.... -_-_ 'Td-

Hexapodsystemfarpointingairborneinstruments EnvironmentalSystems......................... 9

Highdatarate paralleldigitalreceiveranddemodulator EnvironmentalSystems....................... 7

Iterativepro-postfilter algorithm InformatianSystems.......................... 16

Liquidheliumtransportsystem(automated) ThermalandCryogenics........................ 2_1

Multisensorterrainmappingsystem EnvironmentalSystems......................... g

Opticalfiberconnectorpolishing Optics............................. .;;;. ;.1|

Orbit,trajectorysoftwaredesigntool(Swingby) Guidance,Navigation,andControl................. 12

Parallelintegratedframesynchronizerchin SensorsandDetectors .... .PII_

Photon-countingmicroaltimeter EnvironmentalSystems........................ ID

4m

Polishingaluminummirrors

Rnconfigurabledatapathprocessor EnvironmentalSystems......................... 7

Reducingbubblesinadhesives Optics.............................. _ITT_.II_

RMsubcndeVitorbidecoder

- Service;rocessorchip

Scanningholographictelescope

EnvironmentalSystems......................... 7

SensorsandDetectors

EnvironmentalSystems........................ 11
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